THOUGH the role of the hypothalamus in ovulation is fairly well understood in several species, 2,23,24,29 including the cat,29,4s information regarding its function in estrus is incomplete. Light advances the onset of seasonal estrus in cats, 12,40 perhaps via direct retinohypothalamic pathways, s Anterior and midventral hypothalamic lesions cause early or permanent estrus in the ferret,is,20.53 guinea pig, 17 dog, 34 rat1, 11,15,19,26,28,32,38,51--53 and rabbit u by a mechanism which is thought to depend on removal of feedback inhibition of estrus. Dorsal hypothalamic lesions cause permanent anestrus (without gonadal atrophy) in rats, suggesting that the dorsal region of the hypothalamus plays some role in estrous cycling.ll.u.29 Two excellent reviews of gonadotropic regulation by the hypothalamus have been published. TM In the present study, electrical stimulation techniques were used to find regions of the hypothalamus involved in the initiation of estrous cycling. The cat was selected because it does not ovulate spontaneously. 5~ Since coitus during estrus is ordinarily necessary for ovulation to occur, estrous may be studied separately from ovulation by preventing mating. In the northern hemisphere, the female cat exhibits estrus during the spring and fall, the spring estrus being usually the most intense. ]f mating does not occur, estrus will recur every ~ to 3 weeks until the season passes.
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Methods
Sixty-eight adult female cats were used in the experiment. Five were oophorectomized, 25 received hypothalamic stimulation, and 88
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Dr. Crandall received the 1964 award of the American Academy of Neurological Surgery for this work. served as controls. During the 8 months of the experiment, regular observations were made of vaginal smears and of the behavior of the 38 control cats in order to determine the incidence and character of spontaneous estrus.
All cats were kept in separate cages at a constant temperature. The room was air-conditioned and had no windows. Illumination was by constant artificial (fluorescent) light between the hours of 7.00 a.m. and 5.00 p.m. Since Dawson 's had found that increasing amounts of light caused cats to come into heat much earlier than usual, the quantity of daily illumination was kept constant during the experiment to stabilize the incidence of spontaneous estrus.
The degree of cornification in vaginal smears stained with hematoxylin and eosin was used as a day-to-day indicator of estrogen effect. Criteria from the report of Liche and Wodzicki 39 were combined with the experimental results from our work to grade changes in vaginal smears. Accordingly, we observed tile changes in vaginal smears from the 5 oophorectomized animals before, during, and after the administration of estrogen (aqueous estradiol, USP) in graded intramuscular doses of 0.25, 2.5, and 25 micrograms per day. The effects of 25 micrograms daily given to 3 intact cats were also observed.
The behavior of the 8 animals was observed in each of the experimental periods used for smears. Behavior was judged on the basis of the observations of Porter and his co-workers 42 who reported that cats exhibiting estrous behavior will crouch and elevate the pelvis in response to grasping of the fur of the neck or prodding of the perineum; they tread, emit low vocal sounds, and show marked rubbing, purring, and deflecting of the tail away from the site of perineal prodding.
Placement of Electrodes. Under pentobarbital anesthesia, various regions of the hypothalamus of 25 adult female cats were implanted with bipolar electrodes by means of a Horsley-Clarke stereotaxic machine (Lab-Tronics Inc., Model #4). The atlas of Jasper and Ajmone-Marsan 3~ was used for electrode localization. The techniques for implantation have been reviewed elsewhere. 1~ Bipolar electrodes were constructed from 2 lengths of #24 Nichrome wire placed side by side and insulated from each other with baked-on Epoxylite #6001 varnish. The tips were bared and staggered 1 mm. before revarnishing for adhesion.
Unilateral or bilateral electric stimulation of the hypothalamus was carried out in 33 acute experiments of 1 to 16 days' duration and 3 chronic experiments of 44 to 45 days' duration. The variable parameters of stimulation ranged from 1.5 to 3.0 volts, from 60 to 1~0 cycles per second, from 1 to ~ milliseconds, and from 0.75 to 3 hours per day. The biphasic current was delivered from a Grass Stimulator (Model 3C). Lesions were made in 3 cats with 3-milliampere current applied for 45 seconds through the depth electrodes. This technique should produce a lesion approximately 1.5 mm. in diameter.
Daily observations of vaginal smears and behavior were made on hypothalamic-stimulated animals and estrogen-injected animals. In addition, histologic examination of the vagina, uterus, ovary, pituitary gland, and hypothalamus was made after sacrifice with a lethal intravenous dose of thiopental. Electrode localization was verified by comparing serial sections of the hypothalamus with those in the atlas of Jasper and Ajmone-Marsan. 35
Hematoxylin and eosin was used to stain all tissues. In addition, periodic acid-Schiff (PAS) stain was used for sections of the vagina, ovary, and uterus; Sudan-IV or Sudan-black-B stain was used in studies of the ovary; PAS-Orange G couuterstain (PAS-OG), Mallory-Heidenhain stain (MH), and direct aldehyde-fuchsin stain (DAF) were used for studies of the anterior pituitary gland; the permanganate oxidationaldehyde fuchsin technique (AF) was used to stain neurosecretion in the hypothalamus and neurohypophysis.
The vagina was examined for the degree of epithelial hyperplasia and cornification, using the criteria of Bourg2 The staining characteristics of secretions from subcervical glands (PAS-positive mucin or PAS-negative serous secretion) were also noted.
Development of the uterine glandular epithelium was evaluated with the criteria of Dawson and Kosters. 14 PAS stain was used to rule out intracellular glycogen (a progesterone effect).
The ovary was graded from 4 standpoints: 1. weight; ~. size of follicles; 3. presence of eorpora lutea; 4. activity of interstitial cells. Real follicular size was estimated from serial sections using the techniques of Elias ~l and then evaluated by comparison with the criteria of Dawson and KostersY ,14 Interstitial-cell activity was determined using the criteria of Kingsbury. 36,a~
The anterior pituitary gland was examined for gross changes in the tinetorial and morphologic characteristics of the basophils and eosinophils.
141
The neurohypophysis and the hypothalamus were examined for changes in the tinetorial properties of neurosecretion. In addition, the regions of the loci of the electrodes in the hypothalamus were studied.
The 33 acute hypothalamie-stimulation experiments were divided on the basis of the histologic location of electrode loci into 14 acute experiments affecting the region of the dorsomedian nucleus (DMN) and 19 acute experiments affecting regions immediately surrounding the DMN (3 anterior, 3 superior, 6 ventral, 4 lateral, and 8 posterior). In addition, 3 chronic DMNregion stimulation experiments were performed.
Results
On the basis of observations of vaginal smears and behavior, spontaneous estrus in unstimulated controls was found in 5.8~ of 38~ observations. There was little consistency in the incidence of spontaneous estrous from month to month in the control unstimulated group (x ~ test, p>0.10); therefore, there was no evidence of obvious seasonal delineation. This was confirmed in another group of cats not used in the experiment but kept in the same environment. Among these latter cats, several (not necessarily the same cats) always showed estrous changes in every month of the year under constant laboratory conditions. Acute Hypothalamic Stimulation. Analyses of results from experiments involving stimulation of the DMN region showed that all cats in these groups exhibited estrus after appropriate stimulation parameters were used. Thus 14 acute DMN-stimulation experiments were accompanied by 14 estrus periods (1 per experiment), a striking difference from the expected estrous incidence in the control unstimulated group (p<0.001).
On the basis of data reported previously 3-5 and of observations made during this study, it was concluded that effective, but reasonably nondestructive, electric parameters were 3 volts, 3 hours per day, 60 cycles per second, and 1 millisecond (pulse duration). When used in DMN-stimulation experiments, this combination of maximumstimulation parameters always induced estrus within 7 days. In general, lesser parameters took longer to induce estrus in DMN experiments. Therefore, the maximum-stlmulation settings were used for 7 days in all 19 stimulation experiments used as controls, in
